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The object of this research is to study the time evolution of the

mechanical properties of the lithosphere using radar altimeter data. This

is done by studying the correlation existing between the short wavelength

features in the geoid heights and bathymetry.

In this work, we have restricted ourselves to the study of linear

bathymetric features; seamount chains. For such features, it is quite leg-ti-

mate to consider individual satellite passes crossing the chain of seamounts

at an angle as close as possible to 900 and it is thus unnecessary to go

through the tedious procedure of adjusting all satellite pas-es into a co-

herent network by calculating and removing a bias and trend. Dealing with

individual satellite passes is furthermore ideal to study the evolution along

a seamount chain.

Following Crough (1975), we can consider the lithosphere as a thin plate

whose thickness increases with increasing time up to a certain age, of the

order of 80 m.y., and then continues to increase at a progressively lower

rate until it reaches equilibrium thickness. Since the thickness of a plate

influences its mechanical properties, it is possible to study the time evolu-

tion of the lithosphere by observing how it deforms when loaded by seamounts

placed at several points along its evolutionary path. To examine the mechan-

ical properties of the lithosphere, we assumed the thin-plate model developed

by McKenzie and Bowin (1976) and explained in Roufosse (1980). In this model,

the lithosphere consists of a thin elastic plate overlying a fluid medium;

the plate is being loaded by bathymetric features such as seamounts, island

chains, and ridges and is subsequently deformed. The magnitude and wavelength

of the deformed area depend mostly on the flexural rigidity, which is pro-

portional to the cube of the lithospheric thickness. By studying the correla-

tion function between the geoid height and the bathymetry, we can determine

the flexural rigidity of the area under investigation. For that purpose,

we calculate a theoretical filter Z(k) in wavenumber space by using the

thin-plate model (McKenzie and Bowin, 1976) and varying the values for the
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flexural rigidity:
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In these expressions, 1' c w , pro and f)e' are, respectively, the crustal,

water, mantle, and mean-earth densities, r is the earth's equatorial radius,

t is the crustal thickness, d is the water depth, g is the average gravity,

F is the flexural rigidity, n is the number of points in the filter, and

, is the spacing between consecutive points of the filter. The filter derived

in equation (1) is then Fourier-transformed into direct space and convolved

with the bathymetry, resulting in a theoretical geoid height. The value for

he flexural rigidity that gives the best agreement between predicted and

observed geoid i ibhts is the one that will be selected for each area studied.

In that framework, we have studied several chains of islands in the Pacific.

According to Morgan (1972), the main chains of islands in the Pacific are

the consequcnce of the Pacific plate moving over three fixed hot spots

located respectively.

1) At Hawaii, responsible for the Hawaiian Emperor Seanmunt chain.

?) At McDonald, r'sponsible for the Austral, Tubuai, Marshall-Gilbert

',earioun t chai ns.

3) At the inr'r.ortion of the Last Placif c Rise and the Tuamotu and

,i a y Gomvz. ri( de ,, r,,ponslihle for the Tuauo tu-Line seaount chains. This

(.an ;e seen i n I rure I . he ,g(je of these seamiounts thus increases towards

the north-west.
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Figure 1. Hot spot trajectories in the Pacific plate.
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The Hawaiian-[mperor Seamount chains have been studied first and the

results have been reported in Scientific Reports I and 2. The values for the

flexural rigidity range between I and 3 x 1030 dyne-cm for the Hawaiian chain

and between 5 and 8 x 1029 dyne-cm for the Emperor chain. These results are

in agreement with those reported by Watts (1978) using surface ship gravity

data.

The next features studied are the chains of seaiounts produced by the

hot spot located at the intersection of the East Pacific Rise and the Tuamotu

and Sala y Gomez ridges; the Tuamotu-Line chains. The Tuamotu Islands con-

stitutes the youngest section of this alignment; their ages range between

37 and 40 M.Y. while the Line island ages range between 40 and 97 M.Y. The

lithosphere underlying the Line Seamounts is of the order of 80 to 100 M.Y.

whereas that underlying Tuamotu Seamount is younger, of the order of 70 M.Y.

The lithosphere was thus older when it was loaded by the Tuamotu Seamounts

than by the Line islands. The values for the flexural rigidity that best

predicts the behavior of the geoid for the Line islands is of the order of

1.0 to 2.5 X 1029 dyne-cm while it ranges between 2.5 and 5.0 x 1029 dyne-cm

in the case of the Tuamotu islands. Figures 2 and 3 show the observed and

predicted geoid heights in the case of the Line islands. Figure 4 represents

the observed and predicted geoid heights and the bathymetry of the Tuamotu

islands. K

Finally, we have studied the two chains of seamounts produced by the

McDonald hot spot. ,he Tubuai Austral Cook Seamounts are quite young; their

age range between 5 and 25 M.Y. The Marshall-Gilbert Seamounts constitute

the oldest section with ages varying between 40 and 70 M.Y. The values for

the flexural rigidity associated with the youngest seamounts vary between

7.5 , 1029 and 1030 dyne-cm while that associated with Marshall-Gilbert

range between 2.5 and 5 . 1029 dyne-cm. Figure 5 represents the geoid signals

associated with two seamounts of different ages but similar size and loading

lithosphere roughly the same age. The left smaller signal is associated with

the older seamount (Tuarmmotu chain) while the right more intense signal is

6
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Figure 2. Three geoid height profiles crossing the Line Seamount chain. They
are represented with respect to a reference geoid of degree and
order calculated with GEM 10.
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Figure 3. Three predicted geoid height profiles crossing respectively the
Line Seamounts chain at the same locations as the observed geoid
height profiles shown on Figure 2.
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Figure 4. The top profile represents the observed geoid height with respect
to a reference geoid of degree and order 16 calculated with GEM 1O
across the Tuamotu Seamounts chain. The intermediate profile
represents the predicted geoid height grofile calculated with a value
for the flexural rigidity of 2.5 x 10 dyne-cm. The bottom profile
represents the bathymetry reconstructed from contour charts along

the subsatellite positions.
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associated with the younger seallount (Tubuai chain). It is quite clear that

they cannot be explained and reproduced from bathyiitry with the same correla-

tion function. The younger seamount requires a larger value for the fle>ural

rigidity 7.5 x 1029 dyne-cm versus 2.5 -, 1029 dyne-cm for the older seanounlt.

ihe parameter which mostly influences the geoid signal is thus the age ot the

lithosphere at the time of loading. Quantitatively, the agreement is quite

reasonable, taking into account the large uncertainties in the prediction) of

the ages of the seamounts. From the values for the flexural rigidity, the

lithosphere was roughly twice as old when it was loaded by Tubuai and Tuamotu,

in good agreement with available age data.

We have also studied the New England seamounts. Two typical passes can

be seen on the top profiles of Figures 6 and 7. The signals observed have d

wavelength of 150 to 200 km and an intensity ot 2 to 3 m. It is quite similar

to the signal observed in the Marshall-Gilbert seamount area.

The results can be seen on the bottom profiles of Figures 6 and 7. These

profiles represent the predicted geoid calculated using a value for the

flexural rigidity ranging between 1.5 and 3 A 1029 dyne-cm. Wo have not yet

found accurate information on the age of the seamounts in that area, but th

lithosphere is quite old, of the order of 159 m.y ; we can thus deduce, that

the New England seamounts are quite old and were formed when) the lithoiv'ere

was young and thin,

We have also studied the Rio Grande Rise in the 1)outh Atlaytic .

This area was chosen in order to be compar'ed with thc Walvis Rid(e ara

studied previously and is located symmetrically with respe(t to the Mid-

Atlantic Ridge. The Walvis Ridge was studied last year and the results have

been reported in Roufosse (1979). The Ridge is made up of three main se~jlents:

- The eastern anu central segments which were formed simultaneously with

the lithosphere by a hot spot located on the mid-Atlantic Ridyo.
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figure 6. The top profile represents the observed geoid heights for the
Seasat revolution nunwber 529 over the New England searnounts. The
bottom profile represents the predicted geoid heights calculated
with a value for the flexural rigidity of 1.3 x 1029 dyne-cm.
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Figure 7. The top profile represents the observed residual geoid heights
for tile Seasat revolution number 1246 over the New England seamounts.

The bottom profile represents the predicted geoid heights calculated
with a value for the flexural rigidity of 3 , 1029 dyne-cm.
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It w s found that an Airy model with crustal thickening of about 25 km

best described the eastern and central sections whereas a thin elastic plate

model with values of the flexural rigidity of the order of 2 to 5 x 1029

dyne-cm best accounted for the western section. These results are in agree-

ment with gravity and seismic data interpreted by Goslin, Mascle, Sibuet,

and Hoskins (1974); Goslin and Sibuet (1975); Dingle and Simpson (1976);

Detrick and Watts (1979).

The geoid signals present in the Rio Grande Rise region are weak and

broad and mostly resemble those observed in the eastern and central sections

of the Walvis Ridge. At this point of the study, we believe that the Rio

Grande Rise has been formed simultaneously with the eastern and central

sections of the Walvis Ridge by a hot spot located on the Mid-Atlantic Ridge.

An Airy type model of compensation can best describe the signal observed.

Since little Seasat data was available in the Southern Hemisphere, we had to

use Geos 3 data to provide the necessary data coverage for this study.
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